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1973.-Gluconeogenesis studies were carried out in the black vulture (Coragyps atratus), a carnivorous bird. The blood sugar levels of the black vulture were markedly resistant to 3 days of fasting. Also, no increase in plasma FFA levels was detected during this period. While 50% of initial glycogen content was still present after a 3-day fast, muscle glycogen was reduced 6Oa/,. The rate of glucose synthesis in liver slices from fed black vultures was more than twice that in slices from chickens, granivorous birds of similar body size. The activities of three "key" enzymes of the gluconeogenetic pathway: glucose-6-phosphatase, fructose-1 ,6-diphosphatase, and PEP carboxykinase, were also higher in black vulture livers than in chicken livers. PEP carboxykinase activity attained extremely high values in the carnivorous bird and was almost equally divided between the cytosol and mitochondrial fraction; about 70-80% of the activity in whole-liver homogenate was recovered in these two compartments.
The high capacity for glucose synthesis of the carnivorous bird is probably related to the highprotein content of the food. Determination of Glucose-6-Phos@atase and Fructose-I, 6-Diphosphatase Activities
The liver was homogenized in 3 volumes of cold 0.25 M sucrose, and the homogenate was centrifuged for 10 min at 10,000 X g. Portions of the supernatant were assayed for glucose-6-phosphatase and fructose-1,6-diphosphatase activities as previously indicated (2).
ther Chemical Analyses
Liver and pectoral muscle glycogen contents were measured as described by Carrol et al. (3) . Glucose was determined by the method of King and Garner (9) in blood collected from the wing vein or by heart puncture. Plasma free fatty acids (FFA) were measured after the manner described by Dole and Meinertz (4). Liver and muscle glycogen contents were reduced at this time to about 50 and 40%, respectively, of the values for fed animals.
RESULTS
After 3 days without food there was a loss of liver and body weight of 20 and 10 %, respectively.
The rate of gluconeogenesis by slices prepared from liver of fed black vultures was next compared to that of liver slices from a granivorous bird of similar body size, the domestic chicken.
The results (Fig. 1) show that the rate of glucose synthesis from alanine-14C, in vitro, by black vulture liver, is more than twice that of chicken liver. compartments, a little more activity being found in the cytosol. Since the mitochondrial pellet contained other subcellular fragments, it is possible that the actual specific activity of PEP carboxykinase in the mitochondria is higher than that found.
It is also possible that part of the activity found in the cytosol comes from enzyme that leaked from mitochondria ruptured during the preparation of the liver cell fraction.
However, similar levels of activity were found in cytosol prepared from livers which were homogenized with only one gentle passage of the Teflon pestle.
DISCUSSION
The present studies show that the black vulture, a carnivorous bird, has potentially a high capacity for glucose synthesis. Consequently, the blood sugar levels of these animals are markedly resistant to prolonged periods of fasting, no changes being observed in the blood glucose concentration of the black vulture after a 3-day fast. A similar finding was reported by Nelson et al. ( 17) in another carnivorous bird, the horned owl, which showed no alteration of the blood sugar levels even when fasted for 7 days. The only granivorous bird that has been studied in detail in this respect is the domestic chicken.
In this species fasting of much shorter duration induces a decline of the blood sugar levels (7, 8, 12, 19) . It is of interest to note that the increased mobilization of FFA which usually ensues following food deprivation does not occur in the black vulture, whose plasma FFA levels did not change after a 3-day fast. In the chicken, increases in the plasma concentration of these metabolites have been reported after 16-24 hr without food (12, 14) . I n conformity to the blood sugar behavior, liver glycogen in the black vulture was relatively little affected by fasting, its concentration remaining at 50 % of fed levels after 3 days. In the chicken, decreases to lo-20 % of fed levels have been reported after fasting only 24-48 hr (7, 8, 19 (20) . This is probably also valid for the avian liver, and therefore the actual rates of glucose synthesis in both the black vulture and the chicken may be higher than those here obtained. The high gluconeogenetic capacity of black vulture liver is associated with higher activities of glucose-6-phosphatase, fructose-1,6-diphosphatase, and PEP carboxykinase, enzymes that are generally accepted as intervening in key steps of the gluconeogenetic pathway by circumventing essentially irreversible glycolytic enzyme reactions ( 10). The differences were most marked in the case of PEP carboxykinase, which was 3-4 times more active in black vulture than in chicken liver. The levels of liver PEP carboxykinase found in the carnivorous bird are by far the highest of all species hitherto studied ( 13). Values for fed rats in this laboratory are 7-10 pmoles/min per g liver, almost all of which is localized in the cytosol. The intracellular distribution of PEP carboxykinase is of particular interest, since it has been observed that the location of this enzyme in the liver cell appears to vary from species to species; in some species most (more than 90 %) of the PEP carboxykinase activity is localized in the cytosol, whereas in others a much greater percentage (35-100 '/;1,> of the total enzyme activity is localized in the mitochondria ( 18). The present results show that in the black vulture liver, and also in chicken liver, 
